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results; to ask if they fit a
hypothesis or invalidate it.
Observations are intrinsically
quantitative, but quantitative
validity is sometimes so obvious
that we ignore it and consider a
result to be qualitative. A
numerical answer is always more
satisfying, even if it just puts a
limit of detectability on a yes/no
answer. What’s cool about
computational biology is that it
allows you to handle large
quantitative data sets and use
numerical tools to extract more of
their richness. 
The systems biology question
is different. Systems biology is
too often contrasted with
analytical biology, but it really
refers to looking at the ways in
which components of a system
interact to produce the behaviors
characteristic of the system The
‘system’ could be a signaling
network, a cell, a squid or a
prairie. Analysis is the first step.
The systems problem is one of
scale and numerical complexity.
We need to understand the
components, their interactions
and the consequent system
behavior. The key is to define the
organizational scale where you
know or don’t know something,
where your experimental tools are
powerful and where your interest
lies. Then you consider the scale
of complexity just above it and
just below it. I am mostly a
biochemist, which means that I
think about biological molecules. I
rarely think of individual atoms,
nor do I frequently think above
the level of cells. Neither of these
scale jumps would make sense.
I’m an experimental reductionist,
but reductionism doesn’t deny
emergent properties of complex
systems. We’re all empiricists.
You call yourself a biochemist
but work in a pharmacology
department: which term most
aptly describes what you do?
For me, biochemistry is approach
and attitude, pharmacology is
intent.
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R943Concern is growing about the
availability of food for many
breeding seabirds amidst
worries of climate change and
human pressures forcing a
decline in their traditional fish
prey. Poor breeding success in
many colonies over recent years
has been attributed to the
absence of such key prey, but a
new study suggests an
additional problem: for those
birds able to find alternative
sources of food to feed their
chicks, the diet may be lacking in
key components necessary for a
healthy brood. The new work
suggests that young seabirds
that do not get enough fat in
their diet are slow learners and
are less likely to grow into
successful adult birds.
Alexander Kitaysky, from the
University of Alaska Fairbanks,
and his colleagues monitored the
development of 20 red-legged
kittiwakes, born in captivity. The
chicks were divided into four
groups, with each group being
fed a different diet. Five chicks
were able to feed on an
unrestricted diet of silverside, a
fatty fish. Another group were fed
rainbow smelt, a low-fat fish. The
remaining groups were given a
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Bird brain: New evidence suggests a lack of fatty fish in the young kittiwake’s diet
impairs some cognitive functions (Photograph: Mark Hamblin/OSF.)
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Echinoderms
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What are echinoderms?
Echinoderms — from the Greek
for spiny skin — are invertebrates
that exclusively inhabit marine
environments. Most species have
a five-fold radial body plan.
Echinoderms are monophyletic
and comprise a sister-group to the
hemichordates (acorn worms).
There are approximately 7,000
extant echinoderm species which
fall into five well-defined
taxonomic classes (Figure 1):
Crinoidea (sea lilies and feather
stars); Asteroidea (starfishes);
Ophiuroidea (basket stars and
brittle stars); Holothuroidea (sea
cucumbers); and Echinoidea (sea
urchins, sand dollars, and sea
biscuits). This group has left an
exceptional fossil record dating
back to at least the Cambrian; this
well defined fossil record allows
comparative molecular studies to
be made over a wide range of
relatively well documented
divergence times. 
Echinoderms have several
shared features that distinguish
them from other animals,
including a water vascular system
and a characteristic form of
calcium carbonate endoskeleton
called stereom. Most echinoderms
begin life as larvae and undergo
complex metamorphosis to form
an adult. As a group they display a
diverse array of life history traits.
Most have a sexual mode of
reproduction, although some can
reproduce asexually. Their larvae
are primitively free-living and
planktonic, and show a
considerable diversity in
morphology and function, some of
the traits being clearly shared with
the larvae of certain
hemichordates. 
Nearly all echinoderm adults
adopt a benthic adult form
following metamorphosis, though
a few deep-water holothuroids are
pelagic or epibenthic swimmers.
Adult echinoderms are radially
symmetrical, usually pentameric,
with intricate internal skeletons of
calcium carbonate ossicles,
supported by a characteristic
array of collagenous ligaments.
When present in larvae, skeletons
take the form of elaborate rods
which are independently derived
in Ophiuroidea and Echinoidea
(and absent in larvae of the other
three echinoderm classes).
What is their history as
experimental models?
Echinoderm embryos and larvae
have been used as experimental
model systems for more than a
century. Research on
echinoderms has led to significant
advances in the areas of
developmental biology, cell
biology and immunology, several
specific lines of research being
recognized with Nobel Prizes.
Echinoderm larvae were central to
classic studies that resulted in
fundamental biological concepts
including Hans Driesch’s
demonstration of nuclear
equivalence in development,
Theodor Boveri’s characterization
of the chromosomal basis of
inheritance, and Elie Metchnikoff’s
exploration of cellular immunity.
How do echinoderms develop?
Echinoderm species exhibit a
variety of developmental
strategies, from maximally indirect
development, where adults
emerge from metamorphosis of a
larva with virtually no similarity to
the adult, to direct developmental
transition from a fertilized egg into
an adult. The bilaterally
symmetrical larvae of indirect
developing species are feeding,
long-lived and very simple in
structure and cell number (in the
most-used sea urchin models the
pluteus larva has only about 2000
cells). A variety of intermediate
developmental modes exist with,
for example, non-feeding larvae or
facultative larval feeding. For
echinoderms indirect
development is primitive, and a
dipleurula-type larva is found in all
five living classes, as well as in the
sister-phylum Hemichordata.
Are echinoderms really
considered bilaterians? Yes.restricted diet of either of these
two fish.
In the wild, kittiwakes have
to learn to look for particular
colours and patterns in the
ocean to find the best place to
fish. The researchers tried to
recreate this for the captive
birds by making them search
for their food among a
chequerboard of different
coloured bowls. Chicks on the
unrestricted fatty diet quickly
learned which bowls contained
food, but chicks on lean
rations were very slow learners
and never really worked out
the colours and patterns
associated with the food.
“The ability of kittiwakes to
associate the colour of a dish
with the presence of food
decreased proportionally with
the magnitude of nutritional
stress they had experienced
during development,” the team
write in the paper in the
Proceedings of the Royal
Society (published online).
A climate shift in the north
Pacific and Bering Sea in the
mid-1970s resulted in fewer
lipid-rich fish around the
islands. By the early 1980s red-
legged kittiwake populations
on the islands had fallen by 50
per cent. “The results of our
study suggest that declines in
availability of lipid-rich fish —
caused by climate change or
human-induced — are likely to
result in an inferior quality of
seabirds in later life and an
increased chance of mortality,”
the team write.
Previous studies have shown
that passerine birds such as
blackbird and sparrow appear
to struggle to learn their mating
songs if they do not have a
good diet as a chick.
A healthy diet looks vital —
what is not clear is how much
climate change and human
interference is likely to impact
on the preferred food of
seabird populations. Many
coastlines could be heading for
a collapse in seabird numbers
in the face of breeding failure
or the fledging of
disadvantaged chicks.
